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Synthesis of racemic alcohols 1a-i
To a solution of the corresponding ketone 2a-i (0.2 mmol) in methanol (1 mL) at 0 ºC, NaBH 4 was added (4.6 mg, 0.1 mmol) and the temperature was maintained at 0 °C. The reaction mixture was stirred till disappearance of the starting material at room temperature (16 h ). After completion of the reaction, few drops of diluted HCl were added to neutralize the excess of NaBH 4 followed by evaporation of the solvent under reduced pressure. Water was added and then extracted with CH 2 Cl 2 (3 x 5 mL). The combined organic fractions were dried over anhydrous Na 2 SO 4 , filtered and evaporated under reduced pressure. The crude reaction was purified using flash chromatography (50-80% CH 2 Cl 2 /hexanes) yielding the alcohols with high yields (70-95%). 
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The tube was sealed and the reaction mixture was vigorously shaken prior to the attachment of a balloon that was filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet into the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20, 30 or 40 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of the reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried 
U).
The tube was sealed and the mixture was vigorously shaken prior to the attachment of a balloon that was filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 30 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion of 2a: 20% mol (53±4.2%), 30% mol (40±9.9%), and 40% mol (63±5.7%).
Effect of the NaOAc buffer pH
To a microwave tube containing 1. The tube was sealed and the mixture was vigorously shaken prior to the attachment of a S10 balloon that was filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 30 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion of 2a: pH 3.5 (13%), pH 4.0 (26%), pH 4.5 (53%), pH 5.5 (37%), and pH 6.0 (23%). U). The tube was sealed and the reaction mixture was vigorously shaken prior to the attachment of a balloon that was filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 30 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion of 2a: NaOAc buffer (53±4.2%) and citrate buffer (35±2.8%).
2.6.1.6. Effect of the organic solvent ( Figure S1 ) MTBE (62±8.5%). In the reaction with MTBE, the evaporation of the organic solvent was noticed. As a control experiment, the same reaction was achieved only in NaOAc buffer pH 4.5 50 mM (2 mL), obtaining a conversion of 47±2.1%.
T o l u e n e shaken prior to the attachment of a balloon that was filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion of 2a (Table S1 ).
In the reaction with MTBE, the evaporation of the organic solvent was noticed. an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 4 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion of 2a: 5% mol (51±4.2%), 10% mol (85±7.8%), and 20% mol (95±4.2%). The tube was sealed and the reaction mixture was vigorously shaken prior to the attachment of a balloon filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20 o C, the balloon being refilled with oxygen during the reaction course (0.4±0.1 mL/s). Then, the reaction was stopped at different times (see Table   S2 ) by addition of EtOAc (2 x 3 mL). Organic layers were combined, dried over Na 2 SO 4 and S14 a filtered aliquot was spiked to GC instrument to measure conversion of 2a. In the oxidations with a reaction time higher than 2-3 h, the evaporation of the organic solvent was noticed.
For a comparative study, into 3 mL of NaOAc buffer pH 4.5 (50 mM) were added:
substrate 1a (50 mM, 28.5 mg, 0.15 mmol), TEMPO (4.6 mg, 20% mol, 0.03 mmol) and laccase from Trametes versicolor (2.3 mg, 31.3 U). The reaction was left at 20 ºC with oxygen bubbling (1 atm, 0.4±0.1 mL/s) for the first 8 h of reaction. Then, the reaction was stopped at certain time by adding EtOAc (2 x 3 mL) and worked-up in an analogous way as for the biphasic system. Table S2 . Oxidation of 1a at different reaction times using the laccase/TEMPO system in a biphasic medium aqueous/MTBE system or just in plain buffer. placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 4 mL). Organic layers were combined, dried over Na 2 SO 4 and a filtered aliquot was spiked to GC instrument to measure conversion of 2a:
25 mM (65±1.4), 100 mM (93±6.8), and 200 mM (93±2.1). After 2-3 h, the evaporation of the organic solvent was noticed.
General method for the oxidation of alcohols 1a-j using laccase and TEMPO in a biphasic aqueous/organic solvent system
Laccase from Trametes versicolor (2.3 mg, 31.3 U) was dissolved in 1 mL of acetate buffer (50 mM, pH 4.5) in a microwave tube, followed by addition of 2 mL of MTBE (final concentration: 66% v/v), the corresponding alcohol 1a-j (0.1 mmol) and TEMPO (3.1 mg, 0.02 mmol). The tube was sealed and the mixture was vigorously shaken prior to the attachment of a balloon filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture ( Figure S2 ) was left stirring at 20 ºC for 24 h and the balloon was refilled with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and a filtered aliquot was spiked to GC instrument to measure conversions of alcohols 2a-j (see Table 1 in the article). After 2-3 h, the evaporation of the organic solvent was noticed. The reaction was ended by addition of EtOAc (3 x 5 mL). The organic fractions were combined and dried over Na 2 SO 4 . A small aliquot was used for GC analysis (>95% S17 conversion). After filtration and solvent removal under reduced pressure, the crude was loaded on a silica column. Flash chromatography was performed using 90%
hexane/dichloromethane as mobile phase and pure ketones 2a (76% isolated yield), 2c (81% isolated yield), and 2d (80% isolated yield).
Selectivity in the laccase/TEMPO system to oxidize simultaneously two sec-alcohols
Laccase from Trametes versicolor (2.3 mg, 31.3 U) was dissolved in 1 mL of acetate buffer (50 mM, pH 4.5) in a microwave tube, followed by addition of 2 mL of MTBE (final concentration: 66% v/v), substrate 1a (9.5 mg, 0.05 mmol), substrate 1i or 1j (0.05 mmol), and TEMPO (3.1 mg, 0.02 mmol). The tube was sealed and the reaction mixture was vigorously shaken prior to the attachment of a balloon filled with oxygen (1 atm). Pressure was equilibrated placing an additional needle outlet in the rubber lid and the oxygen flow was set to gently purge the reaction mixture. The reaction mixture was left stirring at 20 ºC for 6 h and the balloon was refilled with oxygen during the reaction course (0.4±0.1 mL/s). After that time, the reactions were stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and a filtered aliquot was spiked to GC instrument to measure conversions of 2a and 2i or 2j (Scheme S1). After 2-3 h, the evaporation of the organic solvent was noticed.
Scheme S1. Oxidation of sec-alcohols 1a and 1i or 1j mediated by the laccase/TEMPO system. S18
One-pot two-step sequential reaction with the laccase/TEMPO system and E. coli/ADH-A for the deracemisation of racemic alcohol 1a (Scheme 2 in the article)
To 2 mL of acetate buffer (50 mM, pH 4.5) in a microwave tube, laccase from
Trametes versicolor (4.6 mg, 62.6 U) and 40 mg of alcohol 1a (0.2 mmol) were added. Later, After that time, the reaction mixture was centrifuged at 5000 rpm for 5 min and the supernatant was collected. The pellet was washed with EtOAc (3 x 5 mL) and the reaction products present in the supernatant were also extracted with EtOAc (4 x 5 mL) and added to the previous organic fraction. Na 2 SO 4 was added, filtered and an aliquot was spiked to GC analysis to assess conversion (94.5%) and ee (97%). After filtration and solvent removal under reduced pressure, the crude was loaded on a silica column. Flash chromatography was performed using 40% dichloromethane/hexanes as mobile phase and enantiopure alcohol (R)-1a was obtained as a white solid (isolated yield: 20 mg, 53%, ee 97%). with oxygen for the first 8 h of reaction (0.4±0.1 mL/s). Then, the reaction was stopped by addition of EtOAc (2 x 2 mL). Organic layers were combined, dried over Na 2 SO 4 and an aliquot was filtered before spiking to GC for conversion (see Table S3 ).
NaOCl/TEMPO system
This procedure was adapted from Anelli et al. 11 In a round bottom flask, 1a (40 mg, 0.2 mmol) was resuspended in water (5 mL), followed by addition of TEMPO (6.2 mg, 0.04 mmol) and 9 equiv. of NaOCl (1.16 mL of 10% solution). The reaction mixture was stirred at 0 ºC for 7 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
NaOCl/KBr/TEMPO system
This procedure was adapted from Anelli et al. 11 In a round bottom flask, 1a (40 mg, 0.2 mmol) was dissolved in 0.42 mL of acetonitrile and 3.76 mL of phosphate buffer (50 mM, pH 7.5), followed by addition of TEMPO (6.2 mg, 0.04 mmol), 1 equiv. of NaOCl (0.123 mL of 10% solution), and KBr (4.8 mg, 0.04 mmol). The reaction mixture was stirred at room S20 temperature for 24 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 .
Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
NaClO 2 /NaOCl/TEMPO system
This procedure was adapted from Zhao et al. 12 In a round bottom flask, 1a (40 mg, 0.2 mmol) was dissolved in 0.4 mL of acetonitrile and 3.6 mL of phosphate buffer (100 mM, pH 7.5), followed by addition of TEMPO (6.2 mg, 0.04 mmol), 1.5 equiv. of NaClO 2 (34 mg, 0.3 mmol) and NaOCl (25 µL of 10% solution, 0.04 mmol). The reaction mixture was stirred at room temperature for 24 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
CuCl/TEMPO system
This procedure was adapted from Semmelhack et al. 13 In a round bottom flask, 1a (40 mg, 0.2 mmol) was dissolved in 1 mL of acetonitrile and 4 mL of water, followed by addition of TEMPO (6.2 mg, 0.04 mmol) and CuCl (4 mg, 0.04 mmol). The reaction mixture was stirred at room temperature for 24 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
CuBr 2 /TEMPO system
This procedure was adapted from Miyazawa and Endo. 14 In a round bottom flask, 1a
(40 mg, 0.2 mmol) was dissolved in 1 mL of acetonitrile and 4 mL of water, followed by addition of TEMPO (6.2 mg, 0.04 mmol) and CuBr 2 (9 mg, 0.04 mmol). The reaction mixture S21 was stirred at room temperature for 24 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
I 2 /TEMPO system
This procedure was adapted from Miller and Hoerrner. 15 In a round bottom flask, 1a
(19 mg, 0.1 mmol) was resuspended in 2.5 mL of Tris-HCl buffer (50 mM, pH 7.5), followed by addition of TEMPO (3.1 mg, 0.02 mmol) and I 2 (38 mg, 0.15 mmol). The reaction mixture was stirred at 30 ºC for 24 h. After that time, the excess of iodine was quenched with a Na 2 S 2 O 3 solution (10% w/v) and the crude was extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
NaOCl
In a round bottom flask, 1a (40 mg, 0.2 mmol) was resuspended in water (5 mL), followed by addition of 9 equiv. of NaOCl (1.16 mL of 10% solution). The reaction mixture was stirred at 30 ºC for 24 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
NaOCl/KBr system
In a round bottom flask, 1a (40 mg, 0.2 mmol) was resuspended in 5 mL of water, followed by addition of 9 equiv. of NaOCl (1.16 mL of 10% solution) and KBr (4.8 mg, 0.04 mmol). The reaction mixture was stirred at 0 ºC for 7 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions S22 were combined and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum for 1 H-NMR analysis (see Table S3 ).
NaClO 2
In a round bottom flask, 1a (40 mg, 0.2 mmol) was resuspended in water (5 mL), followed by addition of 9 equiv. of NaClO 2 (213 mg, 1.88 mmol). The reaction mixture was stirred at 0 ºC for 7 h. After that time, the crude was acidified with HCl solution (1 M) and extracted with EtOAc (3 x 5 mL). Organic fractions were combined and dried over Na 2 SO 4 .
Dess-Martin periodinane in aqueous media
In a round bottom flask, 1a (50 mg, 0.26 mmol) was resuspended in 5 mL of H 2 O, followed by addition of the Dess-Martin periodinane reagent (133 mg, 0.314 mmol). The reaction mixture was stirred at 30 ºC for 24 h. After that time, the excess of the reagent was quenched with Na 2 S 2 O 3 (10% w/v solution), and then 10 mL of NaHCO 3 (saturated solution)
was added and finally was extracted with CH 2 Cl 2 (3 x 5 mL). Organic phases were combined, dried over Na 2 SO 4 and the solvent was evaporated. Finally, the crude was dried under high vacuum prior 1 H-NMR analysis (see Table S3 ).
Dess-Martin periodinane in CH 2 Cl 2
This procedure was adapted from Pace et al. 16 In a round bottom flask, 1a (50 mg, 0.26 mmol) was dissolved in 5 mL of CH 2 Cl 2 , followed by addition of the Dess-Martin periodinane reagent (133 mg, 0.314 mmol). The reaction mixture was stirred at room temperature for 1.5 h. After that time, 10 mL of Et 2 O, 2.5 mL of a 1% w/v solution of Na 2 S 2 O 3 and 10 mL of NaHCO 3 (saturated solution) were added and left stirring for 15 min.
The organic phase was separated and dried over Na 2 SO 4 . Later the solvent was evaporated and the crude was dried under high vacuum prior 
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Ab initio calculations
To emphasize the ability of the laccase/TEMPO system to oxidize secondary alcohol substrates with varying redox strength, we evaluated the relative thermodynamic stability of the halogenated alcohol/ketone pairs 1a,i,j/2a,i,j with respect to the acetone/2-propanol pair by computing the Gibbs free energy change in aqueous solution ( r G) for the isodesmic reactions shown in Table S4 .
The computed values, which could be correlated with the standard reduction potential of the corresponding alcohol/ketone pairs, showed clearly that the dichlorinated alcohol 1a was a weaker reducing agent compared to the mono-(1i, by 2.5 kcal/mol) or unsubstituted (1j, by 6.7 kcal/mol) derivatives. Since 1a showed a larger conversion value (95%) than those of 1i,j (62-78%), it turned out that the differences in the intrinsic redox strength of 1a,i,j did not affect their oxidation, highlighting thus the flexibility of the laccase/TEMPO system.
Moreover, the lack of thermodynamic effects due to the alcohol substituents in the experimentally observed conversions, pointed out that these values for substrates 1i or 1j could be further improved by tuning the reaction conditions. 17 We applied the same computational protocol that has been used in our previous work 10 to calculate the Gibbs free energies of reactants and products in aqueous solution. Thus, preliminary conformational search calculations were carried out by means of gas-phase Molecular Dynamics simulations using the generalized AMBER force field (GAFF) and the Sander program. 18 The resulting conformers were then optimized at the HF/cc-pVDZ level and characterized by analytical frequency calculations using the Gaussian03 program. 19 Subsequently, all the structures were reoptimized at the MP2/cc-pVTZ level of theory. MP2
energies were extrapolated to the complete basis set limit (CBS) by means of single-point MP2/cc-pVXZ (X=Q,5) calculations and using the Schwartz extrapolation scheme. Solvation free energies were estimated from single-point COSMO-MP2/cc-pVTZ calculations in the S25 framework of the conductor-like screening model representing continuum solvent effects. 20 All the MP2 and COSMO calculations were performed with the TURBOMOLE program 21 package. Further details of the computational protocol can be found elsewhere.
10 Table S4 . Total number of conformers (N conf ) of the alcohol/ketone pairs examined computationally and Boltzmann-averaged free energies (kcal/mol) both in solution ( r G) and in the gas-phase ( r G gas )
for the redox equilibrium with respect to 2-propanol/acetone. The corresponding changes in the free energy over the most stable conformers in solution ( r G min ) are also indicated. 
Environmental assessment using EATOS
E-factor calculations ( Figure S3 ) were performed using the EATOS (v. 1.1) software tool, 22 while solvent demand was calculated using Microsoft Excel (determining the solvent use of each protocol to obtain 1 g of 2a). All reactions were treated as proceeding to the corresponding conversion, hence all losses in yield are accounted for as 'unknown byproducts'. The EATOS and Excel files used for the calculations are also available as ESI material. 
Analytical data
GC analyses for determination of conversions
The following chiral and achiral GC columns were used: 
